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ABSTRACT 

With the rapid advances in mobile communication technology, increase in mobile 
standards, and the consequent multiple applications of mobile phones in different 
fields, a higher risk of human exposure to radiofrequency (RF) radiation from the 
use of mobile phones is speculated. The study focused on the assessment of 
radiofrequency radiation levels in the near field of common mobile phones of 
different sizes used in Dutsin-Ma, Katsina State, Nigeria. Real-time measurements 
of power densities of 50 mobile phones of different sizes, types, and models at 
varying distances were done in isolated locations using a Cornet Electrosmog RF 
Meter. The power density was measured when each phone was in standby mode and 
when dialed at an interval of 10 cm between the RF meter and phone up to a 
maximum distance of 50 cm. The average power densities of investigated phones, in 
dialed mode, which range from 0.799 + 0.11 mW/m? to 182.700 + 10.91 mW/m?, 
are below the reference level of exposure safety limit set by the International 
Commission on Non-Ionizing Radiation Protection for the general public. The RF 
radiation of the phones was found to be independent of the size of the phone. The 
data presented in this study can be used to promote user awareness, safety 
considerations, and informed decision-making regarding the safe usage of mobile 
devices. As long as a mobile phone is operated in the near field region, its power 
density does not necessarily decrease with distance. 
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1. Introduction 


Current technological advancement and multiple applications of mobile phones 
have made them a close companion for all who need to communicate seamlessly. The 
application of mobile phones in virtually every field of life and its lower cost compared 
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to landlines has drastically increased the number of mobile phone users in Nigeria with 
the average person having two to three types/models of mobile phones [1-2]. Mobile 
phones use radiofrequency (RF) waves from the antenna to transmit and receive 
information in the form of voice, data, or image [3]. Hence, mobile phone users are 
exposed to RF radiation while the device is turned on, whether the device is in use or 
not [4]. At the current rate of mobile phone deployment, about 192 million Nigerians 
and billions from other nations of the world are exposed to radiation from mobile 
phones [2,5,6]. 

RF waves are Electromagnetic (EM) waves with frequencies below those of visible 
light [7]. Though these waves are classified as non-ionizing radiation, since they are 
incapable of ripping off electrons from an atom, they can penetrate matter to a depth 
that is equal to their power densities [8]. As a result of this characteristic of non- 
ionizing radiation, several studies have been devoted to investigating the possible 
negative effect of exposure to this radiation on humans. It has been reported that 
radiation from mobile phones causes heating when incident on body tissues [8,9]. The 
repercussions of this heating and the cumulative RF radiation exposure to human 
health stirred up great concern in the general public, leading to further research on the 
subject [5, 8-13]. Reports linked sleep disturbances, loss of appetite, nausea, 
headaches, fatigue, low blood pressure, slowing of heart contractions, cataracts, and 
brain cancer to excessive exposure to RF radiations [2,8]. The assessment of 
determinants of mobile phone output power level in a multinational study reveals that 
average power levels of mobile phones are higher than the minimum levels that can be 
achieved in GSM networks theoretically [14]. Determinations of the laterality of mobile 
phones used in adolescents by comparing hardware-modified phones and self-reported 
laterality have been studied [15]. The effect of the battery charge level of mobile phones 
on their RF radiation was reported previously [1]. The maximum electromagnetic wave 
emission from mobile phones was noticed when the battery was at 1% battery charge 
and while the battery was being charged with no significant difference observed for the 
waves emitted at charged levels between 5% and 80%. Examination of call-related 
factors influencing output power from mobile phones revealed that on average, output 
power levels used by mobile phones in rural areas with sparse Base Station are higher 
than those in densely populated areas [16]. 

To ensure the safety of phone users, different regulatory bodies, such as the 
Federal Communication Commission (FCC), International Committee on Non-ionizing 
Radiation Protection (ICNIRP), and Institute of Electrical and Electronic Engineers 
(IEEE) overseeing occupational and public exposure to non-ionizing radiation have set 
safety limits to RF radiation based on the four basic quantities for characterizing RF 
radiation energy, namely, Electric field strength (E), magnetic field strength (H), power 
density (S) and Specific absorption rate (SAR) [8,17,18]. The reference threshold power 
density values set by ICNIRP and IEEE for the general public include 4.5 W/m’, 
9.0W/m? and 10.0W/m? for 900 MHz, 1800 MHz, and 2 — 300 GHz, respectively 
[17,18]. By implication, exposure to RF radiation estimated by power density greater 
than the reference levels can affect health adversely. 
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Assessment of the radio frequency radiation risk from commonly used mobile 
phones among students reveals that the power density of the 30 mobile phones 
investigated was below 570.0 W/cm? [2]. On the other hand, power densities above 
the ICNIRP reference level have been reported for mobile phones such as Tecno T21 
(7.20 W/m?), Samsung S4 (70.90 W/m? ), Nokia 2700 (6.70 W/m?) [8]. Others, whose 
values were obtained within the measurement distance range of 5 cm to 30 cm, Asus 
(0.5407 mW/cm7?), Infinix 3 (0.5009 mW/cm?), and Siccoo X100 (0.4506 mW/cm?) 
were above the ICNIRP reference level of 0.45 mW/cm? [19]. There is every tendency 
that radiation level of phone models from different manufacturers can vary. Though 
the limit set by ICNIRP has been adopted in Nigeria, its actual compliance is 
questionable considering the influx of diverse models of mobile phones from different 
manufacturers into Nigeria. 

Furthermore, as the propagation of radiofrequency waves is dependent on the 
antenna dimensions and wavelength, there is speculation that RF radiation from 
mobile phones may increase with the increase in size of the phone [20]. More so, if the 
description of propagation in the near fields of an antenna is complex because fields 
change very rapidly in this region, it may be wrong to assume that the power density in 
this region also decreases with distance as in the case of the far-field region. RF 
radiation exposure from some phones within the range of 5cm to 30 cm has been 
assessed but with the emergence of the 4G network, the near field region has extended 
to 42 cm. Near field condition for electrically small antenna (D < A) of size D operating 
at wavelength a, at distance r usually employed in mobile phones is r<A/2n for 
reactive near field, A/2m < r < 3A for radiating near field and r > 3A for far field [21]. 
Therefore, this study seeks to investigate the RF radiation level from current phone 
models of different sizes used by students of Federal University Dutsinma, Katsina 
State within the near field of mobile phones. 


2. Theory of Radiofrequency (RF) Radiation from Mobile Phones 


Radio waves that travel at the speed of light comprise magnetic (H) and electric 
(E) fields, which are at right angles to each other and the direction of travel. Hence, the 
E and H fields perpendicular to each other generate successive H and E fields which are 
perpendicular to the previous pair of fields [21]. The combination of these in-phase 
fields gives rise to a Poynting vector which is perpendicular to both E and H fields and 
in the direction of propagation [22]. The Poynting vector represents the energy flux 
(power density) in Watts/m? of an electromagnetic field. It gives the actual power 
propagated in space. The magnitude of the power density S is given as [7,8,21,23]: 


S= Ex dH (1) 
The electric field intensity E and magnetic field intensity H of an electromagnetic 
wave in free space are related through the characteristic impedance Z, given by 


previous researchers [24,25]. Hence, for EM waves: 


E=Z,H (2) 
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Z = E = 3770 (3) 


where uois the magnetic permeability of free space (1.26 x 10°° H/m) and £ is electric 
permittivity of free space (8.85 x 1072 F/m) which implies that 


S= — = 377R? (4) 


Equation 4 reveals that the rate at which energy is propagated through a given 
medium is directly proportional to the square of the magnitude of the electric or 
magnetic field through that medium. 

The strength of the magnetic field (H) produced around a conductor such as an 
antenna is given by [24]: 


H = — (5) 


where r is the radius of the sphere enclosing the antenna. On the other hand, electric 
field strength (E) is expressed as [21, 24]: 


q 

da (6) 
where E is electric field strength, q is the charge between the antenna and any point on 
the spherical wavefront, and e is the permittivity of the medium. Equations 5 and 6 
show that the larger the antenna, the lower the E and H. 

Omni-directional antennas are commonly employed in mobile stations. This type 
of antenna closely approximates an isotropic radiator which is a point source that 
radiates power at a constant rate uniformly in all directions. An isotropic radiator 
produces a spherical wavefront with radius R and all point distance R from the source 
lie on the sphere and have equal power intensities. Also, at any instant in time, the total 
power radiated P,, is uniformly distributed over the total surface area of the sphere. 
Therefore, power density S at any point on the surface of a spherical wavefront is [26]: 


Pr 


S = 
Am R? 


(7) 


Equation 7 shows that the power density is directly proportional to the total power 
radiated but inversely proportional to the square of the distance from the source R. 


3. Materials and Method 


The level of RF radiation energy from mobile phones imparted on the exposed 
part of the body can be estimated by power density measurement. Where frequency 
selectivity is not a requirement, handheld electromagnetic field meters are usually 
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employed because they are compact, simple, and easy to use [27]. In this study, the 
power density of 50 mobile phones of different types/models and sizes was measured 
with the use of an Electro smog RF meter having a frequency range of 100 MHz - 3 
GHz, sensitivity range of -55 dB — o dB, and three display modes ( mW/m?, V/m, and 
dBm). The measurements were done in three locations expected to have little 
interference with other RF sources, namely, the technologists’ office in the Physics 
laboratories (take-off and permanent sites) and a small room in the Katangaru area, all 
situated in Dutsinma, Katsina State, North Western Nigeria. All of the locations are 
situated within the academic environment for easy accessibility of current mobile 
phone models used by students. The phones were collected from willing students 
during their lecture hours. The size of each phone was measured with the aid of a meter 
rule. The measurements, which lasted for five days, were done indoors between 9:00 
a.m. and 4:00 p.m. each day. This is usually the period of peak activities involving the 
use of mobile phones by students. 

Before the actual power density measurement, the background radiation level for 
each location was measured for 6 min. The 6-min time was set by ICNIRP to reduce the 
effect of instantaneous rise and fall of power density on the measured results [1, 17]. 
The mean value of the background radiation in the locations was calculated and 
recorded as shown in Table 1. The actual power density measurements were also made 
within 6 min and the three most stable values were recorded [2]. The power density 
was measured in the following modes: 


(i) Standby mode (Soff) 
(ii) Dialed mode (Son) 
(iii) Dialed mode at distances from 1.0—50.0 cm, at 10.0 cm interval 


The power density of the mobile phones was measured by placing the mobile 
phone and the meter on the table, 1 cm apart, when the phone was on standby, and 
when the phone was dialed. The range of measured mean power density values for each 
phone type is shown in Table 2. In its dialed state, the reading was taken with each 
phone placed at a 10 cm interval from the meter until 50 cm was reached. One of the 
measurement setups is shown in Figure 1. The 10 cm spacing was marked on the table 
with the meter rule before measurements. The measurements were repeated three 
times for each determination and the mean values were calculated and recorded. The 
actual values (Soff) and (Son) of the mobile phone power densities were obtained by 
subtracting the background values (So), Table 1, from measured values. The plots of 
variation of measured power density with distance are presented in Figures 2-7. 

To correlate the dimensions (L, B, H) of mobile phones to the actual power 
densities (Son) for the investigated phones, Pearson correlation coefficients were 
calculated. The correlation coefficients provide insights into how strongly and in what 
direction (positive or negative) the dimensions (L, B, H) are related to the actual power 
densities (Son) for the investigated phones. The magnitude of the coefficient indicates 
the strength of the relationship, with values closer to 1 or -1 indicating a stronger 
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Figure 1. Power density measurement set-up. 


relationship. Values closer to o suggest a weak or no linear relationship. The formula 
for calculating the Pearson correlation coefficient (r)is given by [28]: 


r= RLXRV-L ALY (8) 
Vn- NE-A y) 


where: 
e x and y are the values of the two variables being correlated (in this case, 
dimensions L, B, or H and power density). 
e nis the number of data points. 


The phones used for investigation are Samsung phones — 6, Infinix phones — 13, 
Tecno phones — 10, Nokia phones — 7, Gionee phones — 6, Itel phones — 3, LG phones 
— 2, Vivo phones — 1, iPhone — 1 and Kgtel phone -1. 


4. Results 


Results of background power densities (So) of the locations used (Table 1) and the 
actual power densities (S) of different sizes and models of phones measured when ON 
but inactive (Soff) and when dialed (Son) at different distances from the meter (Figures 
2-7) are presented. The range of measured power densities of the different phones 
investigated when on standby and when dialed is presented in Table 2 while the phones 
with maximum power densities when dialed are shown in Table 3. 
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Table 1. Measured background power density (So) of the three locations used. 


S/No. Locations So GmW/m?) 
1 New physics laboratory 0.006 
2 Kadangaru area 0.027 
3 Physics departmental laboratory (permanent site) 0.448 


Table 2. Range of measured power densities of different phones investigated when 
standby (Soff) and when dialed (Son). 


Phone Number of phones Range of 


2 
S/N name investigated Soff (MW/ m?) Range of Son (mW/m*) 
1 Samsung 6 0.014 — 0.016 0.799 + 0.11 — 160.150 + 3.69 
2 Infinix 13 0.012 — 0.693 1.277 + 0.02 - 46.505 + 2.64 
3 Tecno 10 0.005 — 0.321 1.884 + 0.37- 68.770 + 0.77 
4 Nokia 7 0.001 — 0.041 12.521 + 0.32-182.7 + 10.91 
5 Gionee 6 0.002 — 0.021 2.906 + 0.72 - 18.270 +1.46 
6 Itel 3 0.032 — 0.041 3.572 + 0.14 - 15.432 + 0.77 
7 LG 2 0.036 — 0.037 1.275 + 0.42 - 10.132 + 0.48 
8 Others 3 0.015 — 0.112 3.039 + 0.97- 162.979 + 0.57 


Table 3. Size and model of phones with maximum power density when dialed (Son). 


S/N Phone model L(cm) B (em) H (cm) Soff GnW/m?) 


Son GnW/m?) 


1 S1 14.000 7.000 0.600 
2 In4 15.000 7.800 0.700 
3 T5 15.000 7.000 0.400 
4 N7 8.700 6.500 1.000 
5 G3 14.500 5.500 1.000 
6 It2 7.100 4.200 0.900 
7 Ip1 13.600 6.600 0.700 
8 L2 7.200 4.500 0.700 
9 V1 13.000 6.600 1.000 
10 Kı 11.000 4.500 0.700 


0.060 
0.018 
0.016 
0.003 
0.005 
0.041 
0.112 
0.036 
0.015 
0.027 


160.15+3.69 
46.51+2.64 
68.77 +0.77 
182.70 +10.91 
18.27 +1.46 
15.43 +0.77 
3-57 +0.48 
10.13 +0.15 
3.04 +0.33 
162.98 +0.57 
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Figure 2. Power densities of dialed Samsung phones at varying distances. 
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Figure 3. Power densities of dialed Infinix phones at varying distances. 
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Figure 4. Power densities of dialed Tecno phones at varying distances. 
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Figure 5. Power densities of dialed Nokia phones at varying distances. 
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Figure 6. Power densities of dialed Gionee phones at varying distances. 
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Figure 7. Power densities of dialed other phones at varying distances. 
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5. Discussion 


In line with work done by previous authors, Table 2 reveals that the power 
radiated by the phones when dialed is significantly higher than when the phones were 
in standby mode [1,2]. This is because when dialed, a phone utilizes power to connect 
to the mobile network as it makes an effort to overcome interference from other devices 
and effects of parameters in the practical environment in which the transmission and 
reception of information take place [18]. On the other hand, in standby mode, a phone 
only sends a signal to the nearby base station at regular intervals, to register its presence 
and position [1]. This increase in power density when the phone is dialed suggests that 
phone activity, such as making a call, leads to a higher level of radiation emission. 

The power density of 49 out of the 50 phones investigated, with a length of 6.00 
cm-—16.00 cm, breadth of 4.00 cm-9.10 cm, and height of 0.40 cm—1.00 cm, did not 
show any regular trend. It was observed that some phones with relatively small 
dimensions produced higher power density than the ones with larger dimensions as 
depicted in Table 3. For instance, phone model N7 has a notably high power density 
when dialed (Son) of 182.700 + 19.91 mW/m? despite its compact size; while phones 
such as Ip and V1, with relatively higher sizes have lower power densities (Son) values 
of 3.039 + 0.97 mW/m? and 3.572 + 0.48 mW/m?, respectively. However, a Samsung 
phone (S6) with dimensions 25.00 cm x 15.00 cm x 1.00 cm showed a remarkable low 
value of power density (0.799 + 0.11 mW/m?). Pearson correlation coefficient was 
calculated to further validate the relationship between phone dimension (L, B, H) and 
the actual power densities (Son), reveal that only the length, breadth, and height of 
Nokia phones have a positive correlation(0.899, 0.204, and 0.290, respectively) with 
Son- Dimensions of other phones have a weak negative correlation (< —0.3) with Son 
indicating a weak nonlinear relationship between them. These findings show that the 
size of the phone alone may not necessarily impact its power density when 
active/dialed. Other factors, such as internal components and design, can significantly 
affect the level of RF radiation emissions. 

As shown in the results of variation of actual power density with distance 
presented in Figures 2-7, out of the 50 phones investigated, 19 (38%) obeyed the 
inverse square law strictly, and 31 (62%) had no distinct relationship with an increase 
in distance in the near field (< 50 cm) of the mobile phones. This implies that the RF 
radiation of most mobile phones does not have any specific trend with an increase in 
distance in this zone. This may be attributed to variations in the position/direction of 
the meter during measurement. Measurements made in the direction of the main lobe 
will be high compared to those captured at the side lobes. Other contributory factors 
include network signal level (which may be impacted by the distance between the base 
station and the mobile station and the nature and weather conditions of the host 
environment) and phone battery level at the period of measurement [12]. 

The analysis of the correlations between the dimensions (L, B, H) of phones and 
the actual power densities (S,,) at different distances (10 cm, 20 cm, 30 cm, 40 cm, 50 
cm) can provide insights into how these physical attributes relate to the emitted 
radiation levels. The correlations between the dimensions (L, B, and H) of all phones 
and Son at different distances are inconsistent, with some positive and some negative. 
Overall, the correlations are weak (ranging from -0.016 to 0.368), indicating that there 
is little or no linear relationship between the size of the phones and power density in 
the near field. The weak correlations suggest that the size and shape of the phone, as 
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represented by its length, breadth, and height, do not strongly predict the emitted 
radiation levels at these specific distances. The analysis of phone models’ power density 
at varied distances serves to promote user awareness, safety considerations, regulatory 
compliance and informed decision-making regarding the safe usage of mobile devices. 
It should be pointed out that RF radiation from all 50 phones is lower than the reference 
level of exposure limit of 4.5 W/m? , 9.0 W/m? and 10.0 W/m?set by ICNIRP and IEEE 
for the general public using 2G, 3G, and 4G mobile phones, respectively. This is in 
contrast with the results obtained by previous research [8, 19]. The lower values 
obtained in this study may be a result of efforts made by mobile phone manufacturers 
to improve the safety of their products. 


6. Conclusion 


The assessment of RF radiation from 50 mobile phones of different types, models, 
and sizes within a 50.0cm (at 10cm intervals) distance was conducted by the 
measurement of the incident power density of each phone. Based on the data obtained 
in this study, it is challenging to draw concrete conclusions about the relationship 
between phone size and power density. To establish correlations, more data points 
covering a broader range of phone models and dimensions would be needed. 

Estimated RF radiation from 19 phones (38%) obeyed the inverse square law 
while others (62%) did not have any definite trend within the near field of the mobile 
phones. The variations in power density at different distances highlight the importance 
of maintaining a safe distance from mobile phones, especially when they are in active 
use. 

The study established that the RF radiation from all 50 phones is lower than the 
reverence level of exposure limit set by ICNIRP and IEEE for the general public, thereby 
ruling out the anticipated increase in the risk of exposure due to the increase in mobile 
standards in current phones used by students in Federal University Dutsinma, Katsina 
State, Nigeria. 

However, it is worth noting that the study is limited by the inability to measure 
the power densities of the phones in the same location, day, and period. Hence, the data 
may have been influenced by variations in network traffic, phone battery levels, weather 
conditions, and distance from base stations. These factors not considered in the 
investigation, may have a more significant impact on radiation levels. Further research 
and analysis may be needed to better understand the factors influencing power density 
in mobile phones. 
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